

2 


(Mathematical Modelling) 


A.2.1 ^f^chi (Introduction) 

FRIT XI t FR dPldlF IFF#! Ft FIWpcIFi RtFF Ft RRTFTRf % 3TR FF dpuidld RTFT 
f R%RRR % FRT ™ % FR f RR t, 31^, FF^FF FfFFFf FF FFtF FR% %Rt 
4fFFT ftRfcT FF JlpJIcfl'M FRl'd^l ft J|fu|d|<4 fFF#T tl Rtt eft FT Tifujffa fFF#T F=f7 

fIsfrt t, fRTTt' fr rff) #f % rtfr) ft Frgstf % ^tfftt ff f4f Firt tg fFFRf 

(Models) Ft TFFT, ftfFF MR t Rstf, 3TlM FT TRTfFFp F^RR FtTTlRf, FfRF)F TJFf 
RTft % FFtF HITT FTTt tl 

ftRRt ^r^nsff t fr} tm t %, ftfFF dpuidld ttftrrts}' % ff)f tr rfPff RtiFFtr 
fr) % fr % ftm; mr t FfaFtF Iff#! Ft rtffffrt rs# tl rf: ff 

t % J lpJ|dld f^R#T FF R^FFF F=f7 gspr fFFF % FR t fFRT RRT Flfpl 

FR R*FTF Cqftfw) f FR gF: dPldld fFR#T FF R^FFR FIRlPdF) RtFF Ft ^ 

%t RRTFTRf % Ip Fitt, ftFtf rt^f, frr fft ttiFT frfr Ft wf^rf^rsrt* ff FFtF 

fFTFT RTFT tl 

A.2.2 dRudta PdFvtd PT? (Why Mathematical Modelling?) 

■fenfsM Ft RFFlPFd, #3Flf&R, Pdd>lPFPd FFT tfeFT yliJIHd Rift % ¥llP*H TTCFf Ft 
FR FTTt FF RR tl FR FfrfTFfcRFF FFFt Ft 4fcTFT MR t FFFt FFTlf t P 

tRT Ft TTTFT FFTt tl FfrfTFfcRFF FFFf Ft FR FrT} % fp 4fFFT RR t FFFt FFTlf 
f RTt Ft RIFFFFFTT RF# t, RFfc( 4fFFT fFFRf FFT FFtFf % FFtF Ft RTFFFFFTT 
fRRt FTR dPldlF FfRTRT FF FRF FRttlFT RPlf t ^RFT Ft RT F%l RtF7 FRJF RRt 
Ft FTR FRt % ftR Ft T 137 FTIrR Ft RRFFFRT RFFt t dPuidld Pdd^d FTFt 
tl STIFF; FR PdHRdHFd FRRTTRt FT fFRTT Ft: 

(i) %Ft FFt Ft ^Flf RIF RTF! (Mr FR t RF FRt Ft RR F7RT FtFF Ft) I 

(ii) fFRTt % ttFt tg RfFR FtR RR FTRT (ttRT tR^t Fit Ft ^FT|, RT^RR FF 
FfFtF, TJRRTFTtR g Rift FTFRf FT fFRR FTTt p;) I 
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(iii) fRRTt RpTR RTt ^Rlf RTR RRRT (fRRtRRR 3 RR #RR RR rM 3RRR ?)) | 

(iv) RTt W RR dNHH RTR RRFTTI 

(v) RTR RRRT 1% F^ TtfRR)' RTt fFTFR % RRtR RR f% RRf f (fspTT RPR Rlfc fsITRT 
fRRPTRl4)l 

(vi) RR SpRRH RTR RRFTTI 

(vii) TRFt RRM ^ RTCR 3 FT#' RTt ^RR RR 3FJRFT FFTFTT (RR fRTRt RTt RTRpf % 
RRZ} R?t SFJJ# RFf t) I 

(viii) fRTRt cRfRR % RTCfc 3 RRR RR 3TTRRR RIR RRFTT ( cRfRR RR RRR RTt SFJRfR 

RFft)l 

(ix) 2009 f. RPR RTt RRRTsRT RR 3PJRFT RFTFTT (RR fRT R^ 2009 t RRT Wt^T 
RRFt RTt R^RfcT RFft) I 

39^k1 RRt RRRTRf RT| dpuidld fRF#T % FRtR FRT RRT fRTRT RT RRTRT t stfc RRRR 
Pf RRd PfrRI RT "pR ill RTp: FR*t Ft p5 RRRTTRf RTt RRd Rptt Rit fRfRRt RR 3T%RRR 
3TTF F^t RTRRpTRT 3 R^l RRTfF RF fRT^nRTR FtRT RfR 3TTR FRRTt TRR RRT RRPT RR RRTR 
RTt' RF Ft fRRT RfRR % R#R fRRi| RR RTF RfRR RTt RRRT RRT RpJIdlR fRR^fR RTt 
3TTRRRRTRT % RFtR RTt RRR R^Rfl 

A.2.3 fRjihIr Ipyi4 % r^es(m (Principles of Mathematical Modelling) 

dPuidld fRR#T FRT P^dldpdd fsPRT t 3TR: FR^ RRpRR fRTFTR tl FR Ri^ldt RR RRRR 
RPTRR FIRffRRT f| Rpuidld fRF?fa % pT P-IFIdf RTt R^RTPRRT RR 3 4t4 pi1d4 
fRTRT RRT t: 

(i) fRR^f RTt 3TTRRRRTRT RTT RFRTPp (FR RTFRT RRf #R lit t) I 

(ii) RTFR % feP RTRRf/Rtf Rpf ^41R4 RilPRM, (FR RRT RTR RRRT RTF^ t) I 

(iii) RRR^T RlRiRRT RTRTFf r 4 MFRlPdO. (RRT fRRT 1RT t) I 

(iv) RR(R rKr RftfRTfRRf r 4 MFRlPdO. (^RIRR, RRRRT) I 

(v) fRRRRT 4fcTRT fRRRf RT( HFRlPdO,! 

(vi) RFRTpR: 

(a) 1RJRR ^ RT^ RRtRRRTI 

(b) RPV RT^ Rlvft RRRTI 

(c) RfRTTRRRR WR F^4 RMT FRI 
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J lP u ld 

(vii) dd RrteRTf wrtRr; fdR%Rad rtr drt t ^ : 

(a) RT3R RRT dR^ RRpRd fdRRfRef ^hc-mi'iff RT Rdd #TTI 

(b) TffeeT dR dRdtfRdTI 

(viii) dd WSTeff d4 %dlRm. Rfed d4 ^JRR R^l 

fdd#T % wjdd IWrff % 3TPTR RC f4 dRldld fdd#T % PdHRdRsId RRT RM t: 
dlTR 1: 4fcRT fRdfd d4 %dlRRJ 

dTHR2 RTddff / Rdf % 3lfc Rid 4fddT fwff dRT Rdtd4 % ddld SIR 4fddT fdRfd 
d4 J|Rld1d Rfed 3 Mpclfdd cRlRdUl 
^RTrr3 dPuidld R?df % I'd RTd cRRdUl 

dlRR4 RTRT hRuIIH dlt TJd RTd (¥M) % RR^ 3 ^TRMT =RRr. 3^ dRdlt (mRu||H) 
3TRRT RdRif ^4 cJddT cRRdUl 

dlRR5: did mRuih RRRR Rdf w4 t, dt Rfed dR bdl=hK dRPdH 3RIRT 4fdd7 fRsrfd 
dR HR=hcRdl / =b<AHI dR RdRfdd dTiRdlJ, sfR dRd 2 Rd dT^I 

dM^dd RRdf dR dPR RRfo; SflRd R RdIT RT RdRT t: 

l dRidld Rt^h % rRRt sm r^t <R t]| Rtdrc ^ RNnf dm cRIPduj 
fR dTHR 1 “TJ37 Rf df RtdR dR dTdlf did dddT” Rdd 4fddl fRRd tl 
drHTT2RTd Rtfdb; fd^ABdt df RtdR R ( STFfRd A.2.2) I Rid dftfdd; PQRtdR dR ^dTf 
drcR rmt ttr Rddi R, Pdddol sfc flp| p rc Ri rh eftf^rq; 1% pq = h rrt RtdR dR 
ddlf HRl PjR: RH drtfdR fdf Rddf dR Rfe R RtdR % fdM (dftR) dd d^ddd-dR^d 
a R dRT l = QB = PC 



3d^fd A.2.1 




































































































































Jlfuidl'M 277 


3R 


tan a = 


AC 

PC 


H -h 

1 


RT H = h + l tan a ... (1) 

'^T'n'3 «TH % RTTOTO h, n RTT a% RFT Rt W t 3RT: #IW (1) 3 

TOT let TORT ttTO tl 


■5RRT4^R TOTO f TOR R^TR TOT 3TT%TR TORR it, RRf^TOTO ^^7 ^ /TOT 

TOT RH #fTOq; % RtRR % 3TTRR B TOT fTO| P 3 3TTOTRR-TOTTO p tl 3RT: A PQB 3 ft 


A 



TORT tiro t 1% 


PQ h 

tan P = —— = — ^TT 1 = h cot P 
QB / 

TOITOR5 W fTOTfcT f W TOTOR TOt 3H|c|^^chdl Rtt't TOTffTO h, l, a cT®TT p TOTORff % Wt RTR 
^lld tl 


^di^tui 2 rft eftf^rq; fro t^to srafe to 4 Rft tor % totor P,, p 2 ate p 3 tot ddtKd 
Ml t, fTORf #T RTOR ^ TOTOt RTRf R p r 2 tort r 3 tot totUt ttro ti rft RTtfTOIj; fro to4 
tt TORTO Fj 3Tk F 2 R3% TOt RFT TOTOf f| 7^ RTTOt |[q; 1% RFt % TOR R i5 R 2 cTSTT r 3 
TOt RtfRR RTTO t, P=F RTTOTO TOTO^, TOt RFT TOt "'JR TORt % fTOF; TOTOt RTFT R p R 2 stfc R, 
TOt RTTOTOf TOt iPrf^RT TOtl 

TOFT TORR 1 RRRTT ^ 4fcTTO fRTfcT TOt RFRFT RFTtRffcT tl 

'^RtrT2RFT FTtfTO[ 1% AF[TO 3TRJ? t, Rt TOTOFtFj TOTTF 2 TOt 3H|c|^d=hdl TOt Pd^fad TORTT 
tl RRATOT TOR ^RT #TT, 
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a= f ' 


p p p 

r l r 2 r 3 


TFT STToJj^t, P 1 ,P 2 rl*TTP 3 #'Sle#'f^ % 3?W tg 43^ 

TFTcT R p R 2 cfSTT R,, 43t 3TF4R?FF «3ff ^ PlVpJd 43R3TT tl cR B ^ MR ^T 

#1T, 

R[ R 2 R 3 


B = P, 


^nm 3 ^TH ttf#; 1% A rf«TT B STfoJjft' ^IWFkR (Mf W ft# ft 7jftT4lfw t) 
PHHPdPdd 3TF2JF IRT W7T #T tl 


AB = 


F, 


Ri R 2 R 3 


fftTlft cfTCRlcT ft W 4 ft F, rf*TT F 2 % WTTfftf YT tl RM R p R 2 RT*TT R 3 # 
#71 W\ ftfcft tl 

^l^ui 3 ^IfHUI 2 % ftfeef ^m^TT ## ^ 1% 







“3 

4 

0 “ 


“10 

15 

6“ 





A= 

TO 

20 

0 

, B = 

7 

9 

3 






5 

12 

7 


rT^TT RM RM^ R^ 330 34#T, R 2 ^ft 455 ftft R 3 4ft 140 

^f#T tl 

fcR ftft cPlPdU, 1% 


AB= 



“3 4 0 “ 


Ri R 2 R 3 

10 15 6 



F, 

165 247 87 



7 9 3 

_ 1 


10 20 0 



f 2 

170 220 60 



_5 12 7_ 

2 



^ wzm #1T t f^Fj ftft F 2 4ft # % 1# RM R^ 335 ^if, 
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R 2 47t 467 i 441 R 3 47t 147 f 5 ^ 47t 3114^4=641 t Ft % 4T% 4M 47t 444F4 
41413ft' ^ 31p447 tl 44tf% #ff 444% 47t 4%47 4^ % frqW tcj 4F% 4M % 31%%4 
4141R PdPiMd t, 441 fall, ^TT fat 473% 4M 4% 347437 41413% % FFlt 4% 4T4 477 7147% 
t 31441 44 4144% % 344% 44% 47t 474 477% 47T f4%74 477 7147% fl 
fzmti 4% TFT 3<04PJ| 3 %' A 4% A, % 44F %', F41 


A,= 


9 12 6 

10 20 0 


3T8lf^, 4% 711447 #4 3144t 4F% 4% 474 477% % fFR 414 Fl% t, eft 




'3 

4 

0 ' 





9 

12 6 ' 





141 

216 

78' 

A, B = 



7 

9 

3 

— 

1 

JO 

20 0 





170 

220 

60 




5 

12 

7 






FflR^ 311,R 2 47t 436 424 R 3 4% 138 f471f41 34%fsi4 t Ft f%7 473% 4M 47f 3WF4 
41413% 314%p Rj47t 330, R 2 4% 455 441 R 3 4% 140 ^-blsfat % 474 tl 


•fauiuH ||rq A 4% R4: 471 44717 714%pF4 477 7147% t f%71% 347F4 473% 4141 471 


1 J 0 f44T 394t4 ft 4471 


f4 44717 4% 4144% 4% 414 4% 477% % fafR A { % ?I4 474-34%41 f%R Fl% t, 

%f 47% %% 4144% %7 474-34%%f 4% 7174141 % R71 477 714741 tl 

ip4M444B4«4 394F4 473% 4141 4% f%4%74 41413% %7 fan; 441 44, 4% %7 4#I47 
4% 7141441%, 437 %41 Ofadld 4T441 44T 7147% t, lF717f 44 4144% % 34J%4 477 71%7 f%7 % 
3144t 4F% 4% f4 44717 71%tp44 4% f%7 34F34 47341 4141 R%441 34%t4 % 34 FIRI 
44 Reklle!’ 471 447 PdHfafad 441474 % f%41 44T t: 

441444 4 414 falfFR f%7 P p P 2 , P 3 441 R p R^ R 3 47ft 44717 t %4T 34I47F 2 4 f%4T 
tl 414 fa Pd I, % 474 % 414 R t 4% 330,R 2 4% 455 3%7R 3 4% 140 4471441 344F4 t 
3TlT 414 4ftf%7 f47 %t%t 4444 4% 4c%47 4471% % f%4faT % f%R 473% 414T R p R 2 441R 3 , 
4% 4T41R PdHRdRsId 34°JJ4 % 4141 ft%T t 


P, 


B = P 2 
P3 


Rl P-2 P3 

'3 4 O' 

7 9 3 

5 12 7 


4c%47 4444 4% f%74%t 4414 % 444W 4T% 414T 44 444t4 T J 1 444T ft FIR? 
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W ^RTTT 1 WRIT t WFTF ttF tl 


WI 2 TFT FTtfFj; IF Ft PjFtx^l^T ,P 2 Ft.yFFT P 3 Ft z 3=bl^T FT FFTTFF FTFt 
tl FTffF FFFF P t % feR R t Ft 3,P 2 % feR RjFt 7 cT«TT P 3 % feR RjFt 5 ^=hl^T 
Ft 3TTFFTFFT FFTt t (3TR2JF B tftFt) 3Tfc R t Ft ^Ff 330 ^Fl^TT FFFR*T t, 3TF: 

3x + ly + 5z = 330 (F^ FIR^ %tt) 

^TTt MR 4x + 9j+12z = 455 (F^ FTFT R^ %F;) 

sffc 3y + Iz = 140 (F^t Hicri R 3 % Rrm) 

^TT (FFfFr) FttFFT fFFRT Ft 3TR2JF W t fFR MR WRT FT TTFTt t, 


3 7 5 


X 


330 

4 9 12 


y 


455 

O 

04 

^1 

1 _ 


z 


14 °_ 


WIT 2 FT#FF FfFT TffFF ?Kf, Ft FTFT FtFT 


t; 


o 

o 
_1 


X 

0 1 0 


y 

o 

o 

1_ 


z 


20 

35 

5 


FFt x = 20,y = 35 FFT z = 5fFFRTT tl 3RFcf Ft PjFt 20, P 2 Ft 35 F«TT P 3 Ft 
5 ^FT^TT FFF FT TTF# tl 


fzmrf) Ftf Ft TTFFT t IF FfF fFFfFT FFFf F } sftT F 2 Ft FTFt (t^TT FFFFT 3 f 
t) FT fFFT fFIi fFTT Ft %FFf FFF&T F^t 4M % SFJTTR FFTRF FFt FT fttF ttFT 
t, TTt FF FTFt FFTf Ft ^TT FFf FT TTFFT t, FTllF F t t P 3 Ft 6 ^FT^tf FTFt t FF 
fF fFFfFT FTTFt %FFT 5 ^FTfF Ft FFT TTFTFT tl 


5 FF FFT-fFFfFT M, tt M 2 441^ Ft FFTTFF-FtFFT FFTFT tl M, Ft 20,000 
FFT M 2 Ft 40,000 FtFFTt % fcrlM, FFT FFlt tg F^F FR5FT-FRF FFFfFT t, fFg FTTt> 
FTTT %FFT 45,000 FtFFf t, fFFF FF tttt t t Ftf Ft FFT FT TTFkTT tl MjFt 1,000 
Ftclt' FTt % fFHT FFfccT RM flFTT Fit t 3 Ft STIt M 2 Ft 1000 FtcTFf FTt % 1%Ti FFtcT 
RM ItFTT FTt f 1 FFT FTFt t FFT FF FfFFT % ftlP; %FFT 66 Ft FFFRF tl M, Ft 
FctF FtcM FT Rs 8 FFT M 2 Ft F^F FtFFT FT Rs 7 FTTF FtFT tl FFT-fFFfFT, FFFF F1TF 
3TftF F7t t^, 3TFTt FFFT-FtFTT fFTT TTFTT «HIM,? 

WT WF 1 FI FftFFRT % SRPtcT, FFTF RTTF 3#fTT F7t tg, FFStt M { FF M 2 Ft 
FtFTf Ft WTT W FTFTI 


TPT 2 FF FftfFTi fF FFT Fft x FtT FFT M 2 Ft jttF^' tl FfffF Ft F^F FtFFT 
FT FF Rs 8 FF M 2 Ft F^F FtFFT F FTF Rs 7 FTFT t, 3TF: <1^4-FFR (objective 
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function), l^Hri 3Tf^T^Trn = T ^vHT i? -il^l feT^ 'HH) c b< u l ^ R^l ^T^TT i? I 

Z = Z (x, y) = 8x + ly 

■pTRfetfef TffcR%Tf (o^c^M) % 3TcFfcT Stf^RnTR 4TT4T t 
MlillHH % 3T^M 12 ^ ?RH ^f^) I 


jc< 20000 
y< 40000 
x+y< 45000 > 
3x+y< 66000 
x>0,.y>0 


... (i) 


^STHJT 3 TT^rT (constraints) (1) % 3RFfa Mlfel m OPQRST33W-afo f 

(31R7fcT A.2.3) %3Tf O, P, Q, R, S rf«TT T % Ph& ll'ch sFnm : (0, 0), (20000, 0), 
(20000,6000), (10500,34500), (5000,40000) cl«TT (0,40000) 11 


% Chlfall. 1% 


Y 



3Tlc§frT A.2.3 
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P (0, 0) TO Z =0 

P (20000, 0) TO Z = 8 X 20000 = 160000 
Q (20000, 6000) mZ=8x 20000 + 7 x 6000 = 202000 
R (10500, 34500) TO Z = 8 x 10500 + 7 x 34500 = 325500 
S = (5000,40000) 31Z=8x 5000 + 7 x 40000 = 320000 
T = (0,40000) TO Z = 7 x 40000 = 280000 
TOTR Rffaq; % x = 10500 3Tk j = 34500 TO RFRR R1TR 3Tf% # t, # % Rs 325500 
tl 3TR; f^RfcTT (4cHK4>) RR Rs 325500 RR RFRR FTTR 3#fcT RRit % iTOR Rft 10500 
RRT M 2 Rft 34500 RfcTFf TOTOR RRRt RlfFR) 

44ITO U I 6 RTR dlPlU, 1% TOR Wit Rtf RRT RRTTF RRTRT RTF# t, fRR FT ^ eTPTcT 
(ftTO 3Tfc TO FTTRR) 3TT# t STIR RTR <d1 P=HU, % RTO# FR FTOTR Rt fFTO TJFR 
TO fRRRR RR# Rt RETORT RRT# tl FR fR#R # TOR-FT# % RTtTOR R^T Rpuicfl-M 
RTFFT Rl^l 

FTO TO 1 Rtf fR#T RTWRT RFRTR RpR tl 

TOW 2 RTOTO t ft RTF t Rt FTTRF # WR Rt tf# t, fRTO FRT TOI fRTO FTTRF FFTTR 
Rft RRRT t Rtl Ft# t (#t fRTFRT, RJFR7 Rift) , RR % TO FTTRF FFTTR RTf RRFT RFt 
t RF# t (tt RTR#, #R# FRTlft) I TOR t FR RTR F# t f# TO FTFTF FFTTR Rft RRRT 
Rft R^sbOI^MIdl t - FR^ TOUR RTFFf RRR # RTFT tl R## Rt ^ RR R#T fRRTR FJR 
TOR tfcft t, Rk RF (R##) RF ((pHpRd RTORT RTF# t % RF TOR RR RFRR tl 
TjfRRT % ftTO. TOT RF RTR #t t fTO R#RT TORlftR FTO# FTRRFT #R # RT# tl 
###R RTFFT 

RiR Fftfro; fro FFTTfror rrt ftror Rft r| FRRf# rt) Rronxt, 

C = FFTTRR Rft <f>FT FTFTF t (TOT# R) 

I = fRsFR # F# RTFTt ^fFT 3TTR t (Wlf f ) 

P = ^fFT RTR t (Wlf R) 

FR# IFTOJrF RFRFT (assumption) % 3FJRR C # RT# # iRFT RTO RRRT t: 

#TO FTFTF = a (RRRT t), 

TO FTFTF = b (RTO; #F F4R|). 

3TOTO C = a + bx ... (1) 

RTR # 3TTRI fRsFR TjFR s (RTO; #F FTOlf) TO fR^k t, 
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3TM: I — sx ...(2) 

eTT^T P 3M sfk cTFTcT % 3TMR % MRIMR FtMT t, FRT MR 

P = I-C 
= sx - (a + Z?x) 

= (s - b) x - a ... (3) 

FRT MR 3PM Ft MR RT%3Tf x, C, I, P, a, b, MMT s% #M (1), (2) MMT (3) 3 M#* 
MKWR=b RTMMf MM M<M7 TTfq#R MTFMT RM ^tcTT tl MR RT%3Tf MM MMfMMM MR t, 

x 

3TTfMM ('MRMM) C, I, P 

HMol a, b, s 

MM[TMMT MTt x, a, b, s, M?t MTMMMRt t sftR MF P MPT MM RTMMTT tl 

MTRUT 3 RTMM (3) UIRT FM t % RIM fMMFFM fip| (M MTtf MTTM 3rk M Mftf Flft) 


% %M; P = 0, 3TMfF, x = 


s'-/? 


^chl^ll 


MRHT 4 MMT 5 RPR Rp| % fMMTR Rl FM fMMMf iHMMd RTMMt t fMT MfM MMTMt ^ 

W tt MMTTfFM MMMt t, 3TMf^ x=——— 3 MM 5 MYRrt MMR Ft eft MRt FlfM Fttt 3?|R Mlt MF 

s-b 


3lfMMT ^MM^MI MMTTfMM MTRMt t, 3TMfM - -^mY t 3lfMMT cfT Ft MTTM FtMTI 

s—b 

MfrlR-Rd, MlM RTM Rp^MM fM| 3[MTRMfMMT fRT^ FtMT t, MM mYR 3FM MTFMT RPJMM fMMTT MT 
RTMMTT t 3TMMT MM RTMTF t RTMTmM 3#TMTRMT3Tf f RTMTtMM fMMT MT RTMMT tl 

fdULIUli MMM (3) Rt, Ft MF tt ftMTMT t %, 

d P 


d x 


= s - b 


3TMf^, x% RTTtM P% MfRMRfM Mft MR, RTfMT s-Z?MR fttR MMMt t Mt % MMTTM % fMMM 
t^RM MMT MRT% MR crIMId % 3TMR % MRTMR tl 3TM: MTTM 3[ftM Mrtt % Rrtk, FRT RT% Mt 
MMTMTM7 tfMT Mlftn sffR RP|R HIMI t RTTM 3[ftM MMt % Rrlk, Ft M|M STfMMT HIMI 3cHlltd 
MMTf MlffTT RTTM Ft RTTM MR MTTMM Mt MM MTRt MM RTMTRT tt MMMT MTf%TX| 
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<jri 3 -oji 7 rh cftf^ro; % teR- 3 1000 %rr wt-rrt t fRRf Rfc t %rr 250 g wrr 
tl 200 g/LRfRW RMT WT-RW, 25 L/min RTtRR^tRTt'RTIFltRRTFR RRRC WR 
fRRR RRR RR 4 ^RT 4 RTFR fRRTRT TST tl fRRTt SiPR t RR tRT 4 Rt RTRT RRT t? 
FRT RTRIT 1 RFT fRRfcT RRRTRT 4 RFRIR RRt % Rl^R f| 

^cTRJT 2 RFT 41^10,% j=j(0?RT 3TRRfF-R%RfF RTRR FR % RTR, fRRRt RTRR ? (fw 
4) RR, tsfT 4 RRfRRR WRW RTt RTRT (fR7# TTTR 4 ) Rjf^TcT (WE) tlcft tl RR t= 0, STRf^ 
STRRfe-RftRfF RTRR tft 4 y = 250 g x 1000 = 250 kg 
%RH RtfRR; % y tf TiWd, fRRR 4 RRRTF-RfFRTF % RRRR FlRT t 

RR RRT R RcpR-RR RR 3RTR%, 5 kg/min (RRffRT 25 x 200 g = 5 kg) ^ R ^ 

RTRR RTRT t RRT RTRW-RRf RR RflRfe 25 ^— = —kg/min (RRffRT 

vlOOO/ 40 


t <nc)u| Rf) hixi 




1000 


kg t) 


3TR: RTT^T ^RT 4 Wi R5t RTRT 4 RftRcfr RT) RR PlHPcHfed RRTfRTRR Rf RTO tt# t, 

(RRT?) 


4? = 5 _x 

A 40 


^rr 


dy 1 

—+—y = 5 
dt 40 


... (i) 


RF mRuIIH RRR RTRRRT RR RRF oRldld RTFRf %TT tl 

RTWR : RfRRTR ( 1) RRfT RRftRRUl f, fwR RRTPTt 4 RTRW fRTRT RT RTRRTT tl RTRtRRRT 
(l) RR FRT Rtt fRRT t 


2 _ _ 2 _ 

je 40 = 200e«+C RT y (t) = 200 + C e 40 ...(2) 

RFTCRTRIRTRR RR 3RRR tl 

%RTR RtfWR; fRT RTR t 1% RR t=0,y = 250. 3RR[R, 250 = 200 + C 
3TRRT C = 50 

RR RRtRRRl (2) Rt^ fwlw RR 4 TpRfdd Ft RTRT t, 


RT 


t 

y = 200 + 50 e~° 


y- 200 


t 



... (3) 


50 






































































Jlfuidk 285 


^rr 


t 



50 

y-200 


3TR: 


50 'P 

VJ-200J 

FR TOR OHlRRUI (4) wr r^RT f, ^ fcf7 Tp' ^uj 43P RTRT ykgtl 


t= 40 log 


... (4) 


^nm 4 THHlRRUi (3) 3 FR PrtRRP PdddcdO t1% FltR y > 200 RRpfRT e ~~k RR "RPT R#R 
RdlcH=b TFRT t 

3TR: ^RT t 47t ^JRRJT RTRT RTWT 200 kg (fRRJ RpF-#d7 200 kg RFf) Ft RRnPP tl 
FR% 3TfRftRR THdldRUI (4) ^ fTT f^rf PdddcdO t % t > 0 RpR stc %RRf RfR 
0<;y-200<50 3Tslf^RfR sfpT %RRf RfR 200 <y < 250 3TRjfR tRT % Rm-TORf % 
STRRpF 3TpT; RfFR% % RRR FP^ % RTF RTp RTRT 200 kg sflR 250 kg % R«R tl 


JlPuMlil PH^Pl cfft trf^frqnf (Limitations) 


3TRp RRT STpRT dpuidld RTFRT Pd=bPod %R; RF t 3TpT; RRRR STRRRTR (application) 
3hl=bhl=b RftfpsrfRRp RTp RFRRT 3 TORFfP f TOWtRTRcpRT fRRTT ^TT ^RTT tl ^ fRRR ^PtP 
dPuidld 4fRRTp, dPuidld RRRTRR, TOfsFRTT fRRTR (operations research), TOPR-RpRrT 
(Bio-mathematics) 3TlfF, dP'JIdld fRRRTR % (RIWT) d d I d d I4!RRTTRTdP tl 


RRJ, 3TR Rp RTf Rftf^fdRT PpRp t, RTFRf STRp RRt tl fR4T% Rp# RRTRT RF 

t % RT Rp ^ RfPftRfRRT RTTR TOfRRT t 3TRRT Pd=bPOd RTFRf RpJTRRJRR 3RTT%R tl 

RfdRRTTRT RRJjzpf rrt 3 #-cb'u^<)' ( Super Computers) % fRRRR R, RfPpRRfRRf RTp 
RdR RT|R RFt WIT % %R, RfRRlfRR RTFRT RRlt F^ R3TR RRT fRRT tl 

R=rfpR (fast) RRT R^TR RT^JSR % RRTRT RF RRR fP RRR t % FR RfRRT RRT«P 
RTFRiP RTp RRRT RR RRRl t fRR% RJR ^ % RTR %RT RFRfR RTRT RTp RT RRTRp tl 

RRTfR FRlP RTR, fRTOfP RfRRpR RTFRT f R^RR f¥«FR RRf % RRR RRT FR % 
t^RRIRTR t^ 3T^ RFpRRpRT fPloSld RFP tl RRRR R FR RTR RT R^P RR RRR RR% 1%FP 
^PP SRRTFP % %t( R^R FR RRF RRT®P (accurate) hTsciI RR fRRpR RR RR>cl tl FR^> 
RpRT-RpRT ^RRTRRT tg F^' Rtf RPP WTT RRT ^ RRT TTRRp RlfFR) 

^FR^ 3TRRT RfRRT RftfpRfRRp Rp RfRRpR pRRRfR RTp STRRp fRRpR (PdP^iy.) RRTRIlP FPdP 
tl FR RRRT RPP RftfPRfRRT RTR: RRpRTRT (environment), RRR fRRTR (oceanography), 
RHRtedl Pdd'dui (populationcontrol) RTTfR % RTpRT fRRRT (worldmodels) % 3T^RRR 
Tp 3TTRp tl fw Rpp RRp RTIMSTp-RfRR, RR 3 ^ fRRTR, 4fRRTp, RfRdTdRil, TORTRRTRR STlfR 
% Rpuidld fRF^pRT, F^l IR^RP RR 4TTRRT RIFTT^Ro RR T# tl 























































































































